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GsocrCpalcn 
FIELD OF INVENTION 

This invention relates to an aqueous ink composition, and more particularly to aqueous into adapted to be applied 
to a substrate from nozzles, commonly known as ink jet inks. 

BACKGROUND OF THE I N VENTION 

Ink jet printers offer tow cost and high quality printing options (or a number of end uses including providing printed 
output from individual or networked computers. Typically : the printhead of an ink jet printer employs a resistor element 
fn a chamber which is provided with a source oJ EqufcS ink from, for example, a reservoir such as an ink cartridge. 
MuQtpto resistor elements ore arranged in a desired pattern on a nozzle plate to form the prinlheod, with each resistor 
etement associated with a nozzte on fre nozzle plate through which ink drops are expelled toward a print substrate. 

In operation, a microprocessor controls signals sent to each resistor causing selected elements to be heated at 
appropriate times This heating causes a bubble of ink to farm in the chamber. The buildup of pressure eopals the ink 
through the nozzle. By controlling the firing of the resistors, alphanumeric characters may be formed by the ink drops 
which strike the print substrate. 

Ink jet inks are known to have stringent performance requirements including the need for a tog shelf life, the ability 
not to dry and clog the nozzles when in the printhead, and yet ateo having the capability to dry quickty once printed 
onto paper or ofrer substrates. As ink jet printing has advanced to achieve higher resolutions (i.e. . more ink drops per 
inch) end higher prim quality, fte performance requirements lor the jet inks have become even more critical. That is. 
the ink jet printer must be able to deliver a tower drop mesa (L© ., ©mailer diameter drops) through a smaller diameter 
nozzle accurately and at a high frequency. Accordingly, there remains a need in the art for ink jel inks capable of 
providing high promt quality at high resolution and speed. 

SUMMARY OF THE INVENTION 

The present invention meets that need by providing a jet printing ink composition which results in reduced drop 
misdirection and messing nozzles. In accordance wi&i one aspect of the invention, an ink composition is provided and 
includes at least one colorant, oo-sorvents such as. for example, a substituted or unsubslituted lactam, an amide, or 
mixtures thereof; a penetrant, and a wetting agent comprising hydrophobic and hydrophflic segments. Preferably the 
lactam co-solvent comprises 2-pyrroltdone and the watting agent is an alkoKypolyalkyleneoxyaJkanol such as. for ea- 
cmpte, an alky lowy othy Ion ooxyethanol or a potyorganositowano having the general formula 



KsSi-O- (R 9 Sl-0) B C81-0) 7 -8iB s , 

where each R is independently a C,^ alky! group, en aryi group, but preferably methyl. Y is A-fOCRg-CR^-fOCFV 
CR3-CR 3 ) rt -Z, fi nd Z is H. OH. or an alkowy group ouch as. for eitampfe. OCH 3 , m, ». and y are each independently 
Integers £ 1, n is an integer £ 0, and A is a bridging radical such as. for example, (CRg),,. The ink provides high print 
quality at high resolution and speed. 

DETAILED DESCRPTtON OF THE PREFERRED EMBODIMENT 

The liquid ink composition of the present invention provides a fat printing ink which affords high quality printing 
even when using reduced mass droplets of enk expelled from email diameter nozzles at high frequencies. The ink 
ccmposfiton includes, as frn portent components, a colorant, a co-solvent, and a wetting agem. The term wetting agent 
as used herein means a compound having hydrophobic and hydrcphilic segments, and includes surfactants, gas bubble 
deetabi&zing agents, and entifoaming agents. In a furfcer preferred embodiment, the ink composition also includes & 
penetrans, and the composition is aqueous-based. 

Ink jet printers which are designed to deliver high resolution printing include printheade having nozzle plates wfth 
nozzles having diameters of tees than abouz 40 um, preferably less than about 35 urn, and most preferably less than 
about SO um. Such small diameter nozzles deliver tnk droplets of reduced mass, in the range of from about 1 5 to about 
25 nanograms par droplet. 
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With the use of such small diameter nozzles and reduced mass ink droplets, the performance requirements for 
the inks which are used ere very stringent. Problems such as misdirection and missing nozziaa can occu^ partly due 
to the tower kinetic energy of the smaDor ink droplets. By 'misdirection', it is meant that the ink droplote do not travel 
in their assigned perpendicular trajectory from the nozzles. By 'rniscing nozzles*, it is meant that a nozzle does not 

S "fire 0 expelling an ink droplet when il is supposed lo do so or is blocked so thai no in* droplet can be expelled. 

While not wishing to be bound by any particular theory; misdirection and missing nozzles may ba caused, at least 
in part, by dtflerences in the surface energy of a nozzb plate. Uneven wetting of the nozzle plate by the ink may cause 
puddling of the ink around the edges of one or more nozzles. The puddled ink interferes with the trajectory of the ink 
droplets beings ex pel ted from the nozzles and causes such droplets to be misdirected of? of their designed perpendicular 

to path. Misdirection also becomes a greater problem with tower momentum ink drops (i.e., ink drops having either or 
both reduced mass or reduced velocity) Further, if puddSng of the ink becomes heavy during high coverage printing 
periods, such ink puddles may cause missing nozzles by preventing the subsequent ink drops from being ejected from 
tho prinlhoad. 

Miscfirection end missing nozz(36 may aJoo bo caused, at least cn part, due to gas bubbles in the individual firing 
is chambers of the prtnthead. Dissolved gases in the ink are evolved when the temperature oJ the ink is heated during 

continuous firing As gases are lass soluble in the ink at such higher temperatures, the resultant gas bubbles may 

interfere with or even completely block subsequent firings. 

The present invention employe an cdkykjaypoJyalkyienecwcyalkanol anoVbr a polyofganoailanane wetting agent in 

fre ink composition which functions boGh to impart a high wettability to the ink as well as to destabSize undesired ink 
20 bubble formation in the firing chambers in the prtnthead. That is, the wetting agent acts to reduce the surface tension 

of the ink so that a more uniform surface energy cn the surface of the nozzle pBate is achieved. This act ton has been 

observed to minimize puddBng of the ink on the surface of the nozzle plate. Additionally, the wetting agent acts both 

to reduce bubble formation from the evolution of dissolved gases in the ink at the high temperatures encountered by 

the ink in the tiring chambers as well as to destabilize those bubbles which do form. 
2S Moreover, it has been further unenpectedly found that the use oJ the wetting agent in the ink composition of the 

present invention permits, the amount of penetrant used in the composition to be reduced, if in fact a penetrant is 

desired. Thus, less penetrant may be used and yet stiD achieve destrabte prevention of intercdor bleed on the printed 

substrate while providing for rapid tnk drying. 

In a preferred embodiment of tho invention the GqukJ ink formulation includos tho following components: 
so , 
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INGREDIENT 


FUNCTION 


WEIGHT % 


Dy ©/Pigment 


Colorant 


1 -4% 


EDTA 


Chelating agent 


0-0.1 % 


2 -pyrrol idone 


Humeotont/oo-solvent 


4-11 % 


tetraelhyleno glycol 


Humectantsco-solvent 


8-17% I 


1 ,2 he&anecSol 


Penetrant 


3-6% 


polyorganosiloxane 


Vtfstting agent 


0.1 -10% 


1 ,2-benz-isolhiazolin-3-ort3 


Bcocida 


0-0.3% 


sodium borate 


Buffer 


0 - 0 75% 



The tnk preferably has a otattc surface t ©no ton of < about 45 dynea/fcm 2 . 
COLORANT 

Cotorartte usoful in tho prosonl tnvontcon include both pigmont dispersions or dyos. As is known in tho art, a pigment 
dteperston Is a mbtture of a pigment and a dispersing agent, typically a polymeric dlspersant compound. Pigments 
which may be utilized in the practice ctf the present £n vent ion include essentially any of the classes off pigments here- 
tofore used in this art including ozo pigments, polycyclcc pigments, basic and acid dye lakes, and organic and inorganic 
pigments. 

Dyes which are commonly used in ink jet Inks such as, for example. Acid, Direct, Food, and Reactive dyes are all 
surtabee tor use as co to rents tn the preeerts invention. In a preferred embodiment of the invention which utdses a cyan/ 
magenta/yeltow color combination for a nrtuQtcofor tnk Jet system, the cotorants comprise Direct Bluo 1 99 as the Cyan 
component, Lexmark 93A (trademark) as the Magenta component (described in Beach ot 'at, U.S. Patent No. 
5,254.160). and Acid Yellow 23 as tha Yellow component. However, essentially any oflher dyes which permfl the for- 
mation of colored visible images on a recording medium may be used, including anthraquinones, mono- and di-azo 
dyes, phthatocyaninee, and formazan copper complexes. Specific dyes include Food Black No. 2, Direct Black 168, 



3 



o . o 

Add Blue 9. Acid Red 249. Reactive Black 31 . Direct Black 1 54. Reactive Red ISO. Direct Blue 65. and Direct Yellow 
102. 

The mount of colorant tn the irtk composition may be varied depending on a number of factors, but the ootorant 
te commonly present in an amount ol from between abouj 1 to about 10% by weight, and more preferably from about 
5 1 to about 4% by weight (based on total weight of the ink), including ail ranges subsumed therein. 

CO-SOLVENT 

The balance of the ink composition of this invention is not Bmited. Thus, the ink may be aqueous or nonaqueous. 

10 To aid in maintaining the colorant In solution and enhance ink performance, however, a co-solvent is present in the ink 
composition Generally, water soluble organic agercCs such as poJyhyoVtc alcohols are suitable and include ethylene 
gCycol, propylene glycol, butylen© glycol. Methylene glycol, triethylerte gflycol, hexylene glycol, l.2.6-h©it£n©tri6l, and 
thiodigiycol. Other auitable co solvents for tho composition include dtols, glycoJostors, glycerol, pofyalkyl glycoSs such 
as poty ethylene glycol, and lower alkyt ethers of potyhydric alcohols. Yet other suitable co-solvents include alcohols, 

ts ketones euoh as acetone, ethers such as tetrahydrofuran and dionane, esters such as ethyl acetate, sulfdanes, W- 
methyl pyrrolidcne, lactones such as y-butyrotectcne, and the above-mentioned substituted or uns ubst&uied lactams 
having €he general formula: 



25 




where, R is H. alkyt, aryl, or halogen and I is an integer from 1 to 3. Examples of suitable substituted or unsubst&uted 
lactams include 2-pyrrdidone, 1 -methyl 2-pyrrolidone. end N- (2-hydrotcyethyl) -2-pyrroltdone. Of course, compatible 
btonds and mixtures of any of the above compounds may also be utilized. Co-solvents also perform tho function of 
35 humeclants tn the composition to prevent the ink Irom drying out £n the printhoad. 

Co -solvents may also include 1°. 2°, and 3° amides either atone or in a mature with any of the above-mentioned 
co-solvents. Suitable amide co-solvents include (hose having the general formula 

O 

4£ where H is as previously defined and q is an integer between 0 and 6. 

Co -solvents are typically present tn an amount of from between about S to about 30% by weight, and more pref- 
erably from about 12 to about 2S% toy weight, including aO ranges subsumed therein. As wrll be appreciated, the 
amounts ol co-solvent wffl be dependent in part on the other co mpo nents ol the ink. Preferred co-solvents for use in 
the present invention include a compatfole mixture of a lactam such as 2-pyrroQdone (2 to 50%, and preferably 4-15% 
so t>y weight) end tetraethy tone glycol (8-17% by weight). 

It has been unexpectedly found that the co-solvents and trts wetting agents described above in combination act 
to provide an ink which has fewer misdirected jets and missing nozzCas. 

PENETRANT 

ss 

When penetrants (which include surfactants) are preferred tor use In the invention, they are added to the ink 
compositions to improve penetration by the Ink drops &ilo the surface of Ihe printed substrate and to reduce or efimlnaae 
crttercoSor Weeding (i.e., lateral bleeding of color). Preferred penetrants for use tn ths present invention include 1,2alkyl 
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dtofs contain tog from 4 to 10 carbon atoms in the aDyl group such as those laught tn comm only-assigned Beach et ai. 
U.S. Patent No. 5,064,461. Moot preferred are 1 ,2-teKanedtol and 1 ,2-pentanedtcf. In a preferred embodiment, th© 
penetrant la present in the ink composition tn en amount of from between about 3 to about 6% by weight 

Surprisingly, it has been found that a lower concentration of penetrant may be used in the ink composition o1 the 
present invention and stfll attain reduced interootor bleed. While not ttdshing to bo bound by any particular theory, it 
believed that the wetting agents described above, in synergistic combination with the penetrant, provide reduced cotor 
bleed at lower penetrant concentrations in the ink than would otherwise be necessary 

WETTING AGENT 

To reduce ink drop misdirection and missing nozzles, the fnhoJtha present invention also Includes a wetting agent 
comprising an alky toy pctyaikylensoxyalkartoJ and/or a poJyorgsnositoKane. Specifically, a preferred class of poJyor- 
ganosiloaans agents are those poCyaikylene reride modified pofyorgartoaiJoxano copolymers having the genoral tor- 
mute: 

a 

%Si-0-(Be8i-0) ll (8 > i-0) y -SiS 9 , 

Y 

where R is methyl. Y is -(CH^fOCHa^r^J^OCHa^rVCHj^-Z. and Z is H or OCHa. m. jc and y are integers * 1 . 
and n is an integer £ 0. This class of potyalkylene wide-modified polyorganosiloHane copolymers is comrnerosaKy 
available and a most preferred composition has the formula: 



S 

{CHs>) s Si-0- <^i-0) a -Si(Ci^) s 

where m is an integar £ 1 . The welling agent is present in the ink composition in an amount of from about 0 1 to about 
10.0% by weight of the ink composition, and preferably from about 0.1 to about 1.0% by weight including all ranges 
subsumed therein. 

35 

OTHER OPTIOMAL COMPONENTS 

Tha ink composition of the present invention may also include other desirable components whfeh have heretofore 
boon included in [et printing ink compositions including chelating agents, bbcides, viscosity modifiers, and buffers. 
Chelating agents such a© ethylene diamine tetraacetate (ED TA) may be added to prevent any deleterious effects from 
metal or aJfcaJi metal ion contaminants or impurities. Typically, a chelating agent may be added to tha composition In 
an amount of from about 0. 1 to about 1 .0% by weight. 

ffiocides. such as for example, 1.2-benz-ieothiazplin-3-one. may ba added to the ink to prevent or inhibft growth 
of microorganisms in the ink. Generally, the adoption of from about 0.1 to about 0.3% by weight of a bcockJo will bo 
4S efficacious. 

Buffering agents such as sodium borate may ateo be addsd to adjust or maintain a destred pH for tha ink. As wC3l 
be appreciated, the amount cfl buffer will daparid on trta other components in the Ink. However, it has been found that 
the addition of small amounts of buffer to the ink, such as from about 0.25 to about 0.75% by weight, are useful 

SO INK PREPARATION 

Tha Inks of the present invention may be prepared by essentially any process for preparing aqueous-based inks. 
A preferred procedure for preparing an illustrative ink is as follows: The dye. chelating agent (EOTA), and detonized 
water ore mined together with stirring for approximately 20 minutes. Then the following components are added in 
ss sequence, with approximately 1 5-20 minutes of stirring following the addition of each component - lactam oc-sotvent; 
tetraethylene glycol co-solvent; 1 ,2-heKanedtol penetrant; btoctde; sodium borate buffer and potyaEcylene ojttde-mod- 
ified poCyof ganosibaan©. All of the muting steps may bo carried out at ambient temperature. 

Once all of the components have been added and thoroughly mined, the pH of tha ink is measured and adjusted 



. . o o. 

EP0 637 4€3A2 

to a pH of 7.2. The Ink composition is then filtered to remove any solid or particulate matter. 

In onisr I rust the invention may bo more readily understood, reference is made to the following examples, which 
are intended to bo illustrative of the invention, but aro nol intended to bo limiting in ecopo. 

Comparative Examples 1 . 2. and 3 

Three ink formulations were prepared and contained the components as listed be tow. ton© of the Comparative 
Example inks contained 2-pyrrol6dono or a pcSyoxyalttylene modified pofyorp^nositoxana 

Example 1 



Example 2 



Example 3 



Component 


Wt. % 


Direct Blue 199 


2.25 


EOTA 


.01 


letraethylerce glycol . 


20.0 


1 ,2-hexanedtol 


60 


1 : 2-bonz-i6OthSa20lIn-3-ono 


0.2 


codium borate 


05 


04 water 


balance 




Component 


Wt. % 


Magenta 93A 


225 


EDTA 


.01 


tetraethyfone glycol 


20.0 


1 ,2-hexonedtol 


65 


1 ,2-bonz-isothca2olin-3-cne 


02 


socSum borate 


05 


Dl waler 


balance 




Component 


Wt. % 


Direct Yellow 132 


2.00 


EDTA 


.01 


letraethyfercs glycol 


20.0 


1 2-hexanedtol 


7 0 


1 ,2-benz-i50thiaaolln-3-cno 


0.2 


oocftum borate 


05 


Dl waiter 


balance 



Examples 4, 6. and 6 

Three Ink tormulaitorts In ©cconfenc© wtth the present Invention wore prepared end contatnod ths components 
Beted betow. 



E«afnple4 



to 



15 



20 

E sample 5 



40 



45 



SO 



ss 



o 



EP 0 £37 4©3 A2 



Direct Slu© 199 3.00 

bdta .01 

2 • pyrrol idone 7 . 5 

tot ra<sthylQKS© . glycol 12 . 5 

1 , 2 -b©ias - isofchissolia- 3 - one 0 - 2 

pol y o icgsiK&oa i 1 oszzm® 1 0 . S 

DI water balance 

coxy ^a-o-d^i-Qjfl-aicEa 



D2ag©nt® 2>3&? 3.00 

.01 



2 -pyrrol idone 7,5 

tetraethylGRG glycol 12.5 

X,2-he5C£mGdi©l *-0 
l,2-beas-±@ot8fcAa2ol±s~3-OE)e 0.2 

©edi\sw borate 0.2 

polyorgamo[ull05sasi® s 0.5 

DI traitor balance 
^.8. Pat. Ko. S,2S4 fl 16§ 
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&cid Yellow 23 3.25 

2BT& „ 01 

2 - pyrrol idono 7 . 5 

tetr&efclfoylea© glycol 12.5 

1,2-aesaxmediol 4.0 

1,2- tesas - i® o thiasol ia - 3 - one 0 . 2 

©odiym borat© 0.2 

polyorgasios 11 ossai&e 4 o • S 

DX mter bala&ce 

0 CM, 

t 



Example 7 



Component 


Wl.% 


Acid YeOow 23 


3.25 


EDTA 


.01 


2-pyrroJcrionG 


7.5 


tertraethylane gtycol 


12.S 


1 ,2-haxanedtoJ 


4.0 


1 ,2-benz-laothl azoJln-3-one 


0JZ 


sodium borate 


0J2 


alkytoKvpotyethyleneoxyethanol 


0.5 


Dl water 


balance 



Example 6 

The Comparative Example Inks and the Inks of fh© present Invention war© run trough a high resolution tricolor 
ink jet printer having a printhead containing muhtpl® nozzbs. Three tests were run using tie inks of Comparative Ens. 
1 , 2, and 3. and the results of In© tests averaged. Two testa were run using the Inks of the present invention (namely 
Exa 4, 5, and 6), and the results were again averaged. The Ink drops which were axpeQed from foe printfiead nozzles 
worp obsorvod for misdirection and messing (Lo. f blocked or no drop oxpollod) nozzles with tho following results: 



ink 


ft Miesing Nozzles 


n Misdirected 


Comparative Test 1 


6 


7 


Comparative Tost 2 


3 


2 


Comparative Test 3 


5 


5 


Average 


4.7 


4.7 


Teal 1 


0 


0 


Test 2 


0 


0 


Average 


0 


0 



As can be seen, the ink of the present invention produced no misdirected or missing nozzles in eftier test, while 
the comparative ink compositions had a significant number ol misdirected and missing nozzles in each tesl. Also, the 
observed amount of flooding of the nozzle plate surface was less with the ink of the present Invention, permitting ft is 



o o 



so 



In5i to operate at a higher frequency (I.e.. ftre tn more rapW succession) than with previous Inks. 

While certain representative embodiment and details have been shown (or purposes of illustrating the invention, 
it will be apparent to those e kilted In the art that various changes in the methods and apparatus disclosed herein may 
be made without departing from the scope of the tnventton, which is dsftned in the appended claims. 
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Clalmo 

1 . An ink composition comprising: at teast one cotoram; a wetting agent; end a co-solvem comprising a substftuted 
10 or unsubstituted tactam. an am'ttto, or matures thereof. 

2. An ink composition qq claimed in claim 1 including a second co-advent for said cc*orant. 

3. An ink composition as claimed in ctefm 1 further Including a penetrant 

is 

4. An Cnd composition as ctefmsd in claim 3 In which said penetrant comprises a 1 ,2-afky I dtol of from A to 1 0 carbons 
atoms forming eatd a&yl group. 

6. An ink composition as claimed in cGafrn 1 including a hum octant 

q. An ink composition as claimed in claim 1 En vyhtch said cotaran* comprises a water soiulbta ciye and said ink com- 
position further comprises water. 

7. An ink composition comprising at teast one colorant comprising from about 1 to about 1 0% by weighs of a vaster 
2S soluble dye; a co-sofivent comprising from about 4 to about 1 5% by weigh* of a substituted or unsubstituted lactam; 

a penetrant comprising from about 3 to about 6% by weigh* of a 1 ,2-rfkvl dtol ol from 4 to to carbons atoms forming 
said alkyfl.andtawn about 0.1 to about 10% by weight of a poJyoreanositaans wetting agent having the structure 

a 

so I 

i 

35 

where each R is independently a C l4 alkyl group, or an aryl group, Y 6s A^OC^-CR^^COC^-CRg-CI^^-Z, 
and 2 is H, OH, ox an ajkoay group such, m, ». end y are each independents integers > 1 . n is an integer 2 0, and 
A is a bridging radical. 

4© ©. An ink ccmposa«n as claimed in claim 7 including a second co-sotvont composing I ram about 8 to about 1 7% by 
weight tetraethylens glycol 

0. An ink composition as claimed in claim 7 lin v^h said lactam is 2-pyrrolidone. 

10. An ink composition as claimed in cfiacrn 7 in which said 1 ,2-alkyl diofl is 1 ,2-hD»ane deal. 

11. An ink composition as claimed in ctafrn 7 in which said polyoiganositaicane wetting agent has the formula 



where m is an integer £ 1. 



12. A process for printing a liquid ink fium a series of nozzles onto a substrate comprising lite steps ol provhfing an 
ink composition comprising al least one colorant, a wetting agent, and a oo-eoivent comprising a substituted or 



BP 0 867 486 A2 



un substituted lactam, an am id a. or mixtures thereof; forming individual ink drops by heating said ink to form ink 
bubbles; and expelling said ink drope from said nozzles, whereby misdirection and missing nozzles ore reduced. 

13. A process as claimed in claim 12 in which said nozzles have a diameter of less than about 40 urn. 

14. A process as claimed in claim 12 in which said nozzles have a diameter of less than about 30 Mm. 

16. A process as claimed in claim 1 2 in which said individual ink drops have a mass of from between about 1 5 to about 
25 nanograms. 
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